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Technology Flexibility and Stringency for Greenhouse Gas Regulations

Dallas Burtraw and Matt Woerman
Executive Summary
The Clean Air Act provides the current regulatory framework for climate policy in the United States. A key component of US policy as called for in President Obama's recent memorandum to the US Environmental Protection Agency (EPA) will be the use of flexible approaches in achieving reductions of greenhouse gas emissions. EPA is expected to regulate existing stationary sources using tradable performance standards (averaging) under section 111(d) of the act. This section requires states to develop plans to implement the regulation. EPA will issue guidelines for states and may provide a model rule representing their ideal regulation for states to potentially incorporate in their plans, but many states are expected to propose additional flexibility mechanisms. This paper considers a variety of policy approaches that EPA will need to evaluate, whether as part of a model rule or if introduced by states. Unlike other parts of the Clean Air Act, section 111(d) requires consideration of multiple criteria. This section has a technological basis, so emissions rate changes would be a justified metric. The eventual outcome of interest is environmental performance, so emissions reductions also are meaningful. This section also calls for consideration of costs, and evaluation of policies according to a common marginal abatement cost could be used to compare stringency. This approach is especially interesting because it leads to cost-effective regulation among the affected sources, and could be observed in modeling that states will provide to support their implementation plans. We find that expanding flexibility enables an increase in ambition along any one of these metrics, but it can lead to ambiguous results with respect to other metrics, again suggesting that multiple criteria should be balanced to fit the legal justification of the regulation.
Using a highly parameterized model of the electricity sector, we simulate a tradable performance standard regulation at coal-fired power plants to achieve a 4 percent reduction in the average emissions rate, based on recent engineering studies that identify technical opportunities to improve plant efficiency. The regulation results in a reduction of 93 million short tons of carbon dioxide emissions. We then expand flexibility by enlarging the set of generators that could contribute. At the same marginal abatement cost, a tradable performance standard that covers all generation sources results in nearly four times the emissions reductions. This approach
Introduction
In 2007, the US Supreme Court affirmed the authority of the Environmental Protection Agency (EPA) to regulate greenhouse gases, and today the Clean Air Act provides the primary regulatory framework in the United States.1 This authority was used to strengthen fuel economy standards for mobile sources that took effect in 2011 and were subsequently extended to require an improvement in efficiency and a reduction in emissions from mobile sources by approximately 3.5 to 5 percent per year, resulting in average fuel economy of 54.5 miles per gallon by model year 2025. In 2011, new rules also took effect requiring greenhouse gas standards for preconstruction permitting of new and modified stationary emissions sources (known as Prevention of Significant Deterioration).2
The third area for regulation under the Clean Air Act, and the focus of this paper, is the emissions performance of new and existing stationary sources. Standards for new sources are determined at the national level under Section 111(b). A draft rule for electricity, the first sector to be regulated, was issued in 2012 but has yet to be finalized. EPA will issue standards for existing sources beginning with the important electricity sector under Section 111(d), which places the authority for planning and implementation with the states. States have discretion in developing plans to regulate these sources. Flexible approaches might be suggested in EPA guidelines to the states, or they might be suggested by the states in implementation plans.
Existing electricity generators account for almost 40 percent of US carbon dioxide (CO 2 )  Burtraw is the Darius Gaskins Senior Fellow at Resources for the Future. Woerman is a graduate student at the University of California, Berkeley, and was a research associate at Resources for the Future when this work was conducted. The authors appreciate assistance from Brady McCartney, Xu Liu, and Samantha Sekar; and comments from David A. Evans, Dan Lashof, Josh Linn, Alex Marten, Karen Palmer, Derek Murrow, Bruce Philips, and Conrad Schneider. All opinions and errors are the responsibility of the authors. 1 Massachusetts v. EPA, 549 US 497 (2007) . 2 The authority to issue permits under federal guidelines resides with states, which are currently developing the technology design standards that apply. By mid-2013, the states issued about 100 permits, which for the first time included standards for greenhouse gases.
emissions, making the electricity sector the largest source of emissions in the United States and an important sector from which to achieve emissions reductions (EIA 2011). 3 Performance standards under the Clean Air Act traditionally have prescribed an engineering-based emissions rate benchmark associated with a specific technology. However, several legal analyses (EPA 2005 (EPA , 2008 Wannier et al. 2011; Enion 2012) have argued that flexible approaches would be legal for regulation of existing stationary sources under section 111(d). A flexible approach would give the regulated entities greater choice in determining how to achieve emissions reductions, including potentially enabling emissions rate averaging across sources, referred to as a tradable performance standard. 4 This approach is not new to regulation under the Clean Air Act; it was a key feature of the phaseout of lead in gasoline in the 1980s (Nichols 1997; Newell and Rogers 2003) . Emissions trading (cap and trade) might be possible if EPA were to claim that trading itself was the "'best system of emissions reduction' that has been 'adequately demonstrated'" (Richardson et al. 2011, citing CAA § 111(a) (1)). 5 Lashof (2012) has suggested that flexibility could be expanded to encourage substitution to nonemitting electricity generators to reduce the average emissions rate over all electricity generation. They further propose that efficiency improvements from other aspects of the electricity system such as transmission line upgrades and end-use energy efficiency improvements that contribute to reduced emissions from regulated sources also could be given credit under the system. However, many observers identify a trade-off between legal risk and greater flexibility in the regulation, and crediting for activities outside the regulated sector is expected to increase that risk (Richardson 2011; Tarr 2013) A tradable performance standard introduces market-like flexibility through the opportunity to trade credits to achieve an emissions rate average. It has the political advantage that it results in a relatively small change in average retail electricity price compared to other policy instruments such as cap and trade or an emissions tax with the government collecting the revenues because the value of the emissions rate credits that are traded is retained in the electricity sector. That is, the standard introduces a credit price representing the opportunity cost 3 Carbon dioxide (CO 2 ) is the most important greenhouse gas. The electricity sector emits about 33 percent of total greenhouse gases (CO 2 equivalent) in the United States. 4 Fraas(2012) describe how a tradable performance standard for greenhouse gases could function. 5 EPA has said that it does not intend to use the Clean Air Act to introduce cap and trade after Congress failed to enact such a program after consideration of various proposals including the Waxman-Markey bill (HR 2454) which passed the House of Representatives in 2009 before stalling in the Senate. of emissions (measured in dollars per megawatt-hour) and the value is recycled to generators as an output subsidy (measured in dollars per megawatt-hour). This political advantage is an economic disadvantage because electricity consumers do not see a potent signal to reduce energy use. The disadvantage in the short run may be small, but over time the costs grow substantially if energy users invest in an inefficient capital stock.
However, compared to an inflexible prescriptive technology standard, economic analysis suggests that the cost savings from using a flexible approach would be substantial. find that compliance flexibility for coal-fired power plants reduces overall costs of emissions reductions by two-thirds, holding emissions reductions across the electricity sector constant. Linn et al. (2013) find that investment costs per ton reduced would be an order of magnitude greater under a traditional standard than under a flexible standard that allowed emissions rate averaging. This paper examines a central issue to the introduction of flexibility-the relationship between flexibility and stringency of the regulation. These two ideas pose a trade-off if flexibility allows regulated entities to take credit for actions that would have happened even in the absence of the regulation. In this case, flexibility would reduce the environmental contribution of the regulation. However, flexibility also is expected to lower the cost of emissions reductions, so it also could enable greater emissions reductions to be achieved at any given cost. The fundamental question is to whom the benefits of flexibility should accrue. At issue is whether those gains are captured by the productive sector through lower costs for consumers or shareholders without changing the stringency of the policy, on behalf of the environment by changing the stringency, or are shared. Previous regulation provides examples where increased stringency is required where parties elect to use optional compliance flexibilities. This will be an important consideration in the EPA's regulatory guidance and in its evaluation of implementation plans developed by the states to comply with the regulation.
Equally important is the challenge of how to measure stringency. This analysis is focused on where emissions reductions occur; that is, the population of electricity generating sources (the technology group) that is regulated directly, or could be given credit for helping achieve emissions reductions from the regulated sources. In general, one would expect that a broader group could achieve the same emissions reductions at less cost. Although nonemitting sources such as renewables and nuclear likely would not be regulated directly, they could be given incentives to expand production under the program in order to achieve emissions reductions at regulated sources. We consider three definitions of the population to be covered by the regulation: all coal-fired power plants, all fossil-fired power plants, and all electricity generating units including nonemitting technologies. Crediting end-use energy efficiency programs as proposed by Lashof (2012) is not analyzed.
A key concern for EPA will be how to evaluate the stringency of scenarios involving varying degrees of flexibility, especially as they may differ among the states' implementation plans. EPA can be expected to require that flexible approaches achieve outcomes that are at least as stringent as inflexible prescriptive standards; however, the concept of stringency is ambiguous. Will stringency be based on an equivalent reduction in emissions rate, or on an equivalent reduction in emissions? Or, alternatively, can EPA use a cost criterion to evaluate state plans? We demonstrate that these criteria do not move together under various program designs that introduce flexibility. These designs may be further ambiguous if they enable firms to take credit for actions that would have happened in the absence of the regulation. 6 EPA must provide guidance to states for the preparation of implementation plans and how they will be evaluated. In the more familiar context of regulation of conventional air pollutants, the standard of performance hinges on the single criterion of achieving the National Ambient Air Quality Standards. In practice, there are considerations in the timing, conformity of transportation plans, air quality monitoring and where emissions monitors and emissions occur.
These factors are considered ex ante in approving implementation plans, and revisited in retrospective evaluation. But conceptually, performance is measured according to the single criterion of ambient air quality.
However, regulation of greenhouse gases for existing stationary sources under Section 111(d) involves consideration of multiple criteria. Emissions change is an obvious criterion. The relevant portion of the Clean Air Act is traditionally technology based, so demonstration of reduction in emissions rate supports that purpose. Moreover, the relevant portion calls for consideration of cost. Section 111(d) calls for a multi-attribute evaluation of implementations plans, taking environment, technology and cost into consideration. Therefore, we suggest that a portfolio of criteria needs to be addressed in the state implementation plans and evaluated by EPA. 6 For example, some firms may have plans to reduce utilization or shut down a coal-fired plant in order to comply with other environmental regulation or because of the cost disadvantage compared to low natural gas prices. Flexibility might enable the firm to take credit for this action with respect to greenhouse gas regulations. This would be a good thing from the perspective of reducing costs, but it erodes the incremental environmental benefit of the specific greenhouse gas regulation.
Four possible criteria could be used to evaluate if the state's approach is of equivalent stringency to a model rule or guidelines provided by EPA: emissions rates, emissions, marginal cost, and total (average) cost. These four criteria are used to compare the outcome of the three policy scenarios involving varying levels of flexibility. 7 We find that averaging to achieve a specific emissions rate improvement over a broader set of generation sources will reduce the actual change in emissions. Conversely, crediting emissions reductions at a broader set of sources to achieve a specific level of reductions will yield a larger reduction in emissions rate on average.
Marginal abatement cost is an especially interesting stringency criterion because it suggests that the emissions reduction efforts distributed across sources is cost-effective. The marginal abatement cost would not be implemented as a constraint in the operation of the policy, We find that using the marginal abatement cost derived from the specified emissions rate improvement at coal plants as the stringency criterion, and applying it to a broad group of sources yields nearly four times the emissions reductions that would be achieved if the standard were applied to only coal-fired units. The greatest emissions reductions across scenarios we model results in an electricity price increase of only 1.3 percent. Further, we find this approach maximizes environmental improvement from reductions in greenhouse gases and other pollutants, yielding more than $25 billion per year in net benefits 7 Subsequently we compare the net economic benefits of each approach. (2009$ in 2020) . Those benefits are split roughly evenly between climate-related benefits and reduction in other air pollutants.
The next section of this paper provides further background on regulation of greenhouse gas emissions from existing stationary sources, including a discussion of the policy options.
Section 3 describes our modeling strategy to evaluate possible outcomes. We use a highly parameterized model of the national electricity system to compare outcomes, which are presented in Section 4. Section 5 describes how policy can be designed with these results in mind, and Section 6 concludes.
Background
In this section, we provide further background on options for policy and criteria to evaluate those options. EPA has identified Section 111 of the Clean Air Act as the basis for regulating stationary sources. For existing stationary sources, Section 111(d) requires EPA to develop performance standards and guidelines for achieving those standards and places responsibility with the states to develop plans to achieve those standards, while EPA ultimately is responsible for approving those plans. In principle, states have discretion, but in practice, they may lack the resources to deviate far from a template that might be provided by EPA or from the actions of other leading states.
Performance standard regulation is traditionally highly technical, involving data-intensive analysis of regulated source categories to identify the technology behind the "best system of emissions reduction" . As a technical foundation for the regulation, we imagine at the outset that the EPA guidelines specify a CO 2 emissions rate performance standard that technically can be achieved by various generation technologies. Emissions rates are measured in tons of CO 2 per megawatt-hour (MWh) of electricity generation and vary across electric generating facilities. Coal-fired plants have the highest rates, and considerable heterogeneity exists within this group, depending on boiler configurations, maintenance, fuel use, location, and the way the facility is used (Linn et al. 2013 ).
An inflexible performance standard might specify the maximum allowable rate, forcing all units with a greater rate to make efficiency improvements or retire. However, some units have idiosyncratic or localized economic value on the electricity grid, and overall cost savings might result if these sources could trade their responsibility to achieve the emissions rate standard.
The engineering literature suggests there are varying opportunities for efficiency improvements that could achieve a 4 to 5 percent improvement on average across the population of coal plants. Additional options, which we include in the model, are cofiring with biomass or natural gas. 8 A difficulty regulators face, however, is identifying ex ante the opportunities at a specific plant. If the emissions rate standard were expected to achieve a 4 percent reduction in the emissions rate on average across the coal fleet, then emissions rate reductions might be achieved through both investments to improve the performance of facilities wherever it is costeffective to do so and changes in utilization so that efficient units are used more often.
The other important fossil fuel for electricity generation is natural gas. These facilities have an average emissions rate that is slightly greater than half of that for coal plants. Turbines have higher emissions rates than combined cycle units, but within each of these groups there is relatively little variation compared with that found within the coal fleet. There is no analysis suggesting that substantial opportunities exist for emissions rate improvements at existing gas facilities but opportunities may exist. Newer combined cycle plants have lower emission rates than older ones, which is captured in our model. Moreover, it may be possible to replace older turbines with more efficient ones while retaining the heat-recovery steam generating unit, but that is not represented in this analysis. Combined cycle plants and turbines serve different functions within the electricity system, so they cannot easily substitute for each other. The primary opportunity for substitution we observe is between existing coal units and existing natural gas combined cycle plants which are often not fully utilized, and to a much lesser extent between existing coal units and new nonemitting generators including renewables and nuclear power.
Policy Options
In a memorandum to EPA in June 2013, President Obama articulated the political directive to "ensure, to the greatest extent possible, that [EPA] … develop approaches that allow the use of market-based instruments, performance standards, and other regulatory flexibilities; [and] ensure that the standards enable continued reliance on a range of energy sources and technologies."9 A fundamental decision for EPA in trying to attain this directive is whether to issue a strong framework for the states to adopt or to provide guidance encouraging states to propose flexible regulatory approaches. For EPA to issue standards that achieve substantial emissions reductions or to introduce substantial flexibility in the standard would appear likely to invite court challenge. Consequently, EPA might decide to signal deference to the states in the introduction of flexible approaches. Alternatively, EPA could provide one measure of flexibility, and consider other approaches separately.
Three terms that we employ loosely in this paper have specific legal meaning and help explain the sequence of events.
Model rule: EPA's ideal, but not yet final regulation until it appears in a SIP. If a state adopts a model rule for a SIP, that portion of the SIP will be approved automatically. 10
Guideline document: Establishes the criteria by which EPA will evaluate state plans that do not strictly adhere to EPA's model rule. 11
Guidance document: An EPA statement of general applicability and future effect, other than a regulatory action that sets forth a policy on a statutory, regulatory or technical issue or an interpretation of a statutory or regulatory issue. 12 In this modeling exercise, we imagine a market-based policy as a tradable performance standard, and consider three sets of policy scenarios that embody potential technology groupings (potential sets of sources) that would be regulated. The first is restricted to the population of coal-fired power plants. Engineering studies (Sargent & Lundy 2009 ) and econometric analysis (Linn et al. 2013 ) have identified opportunities for emissions rate reductions among these plants at marginal costs that are comparable to the US government's identified social cost of carbon (Interagency Working Group on Social Cost of Carbon 2010 Carbon , 2013 . Specific measures might be prescribed for these plants if the regulator had the information to do so, but the engineering studies indicate that every plant is unique in various ways. Typically the opportunities at each plant are not known until after a study of that plant has been conducted. Ex ante, the government cannot know the technologies that would be efficient, and the opportunities across plants with the same fundamental technology are heterogeneous (Linn et al. 2013) . Flexibility would enable firms to take advantage of private information to achieve cost-effective investments and would 10 http://www.epa.gov/ttn/caaa/t1/fact_sheets/omtrfact.pdf.
11 http://nicholasinstitute.duke.edu/sites/default/files/publications/ni_r_13-01.pdf. encourage substitution to plants with lower emissions rates to achieve the performance standard on average across the regulated group. 13 The second potential technology grouping is all fossil-fired power plants, including coal, natural gas, and oil plants. The same or a different performance standard, or measure of regulatory stringency, could be applied across this group. There is substantial heterogeneity in emissions rates across these technologies and fuels, and rates at coal facilities are nearly double those at natural gas combined cycle units. However, there is typically less opportunity to make efficiency improvements at any specific gas plant. The difference in emissions rates among gas generators results from different functions within the electricity system. Turbines run fewer hours and with higher emissions rates and provide power at times of peak demand, combined cycle units run more often and operate with lower emissions rates, and steam boilers operate significant hours in only some locations. If gas were regulated as a separate category, there would be little opportunity to improve emissions rates either through improvements at specific units or through changes in utilization within the group. However, if regulated within a category with other fossil units, there would be an incentive to increase the utilization of natural gas plants relative to the higher-emitting coal plants.
In defining the sets of coal-fired plants and all fossil-fired plants, we assume new fossilfired plants will be subject to a new source performance standard that will be stricter than the benchmark for existing sources. We assume they would not be eligible to average emissions rates with the existing fleet, although this is not certain. 14 The third potential definition of the trading group is all electric generating units, including nonemitting sources (no credit is given for improvements in end-use efficiency), and again the same or a different standard could be applied across this group. Although there are no opportunities for emissions rates improvements at nonemitting sources, the average emissions rate over all sources could improve if nonemitting sources expanded generation. In this scenario, we assume that existing nonemitting sources are not dispatchable or have very low variable cost and already run as much as possible. Hence, we include only incremental (new) nonemitting sources within this technology group.
Stringency Criteria
EPA will consider stringency of the regulation in designing its regulatory proposal, which is likely to include a model rule, and in evaluating the implementation plans submitted by the states that may differ from the model rule and may introduce a variety of approaches. We compare the policy scenarios, representing three different technology groupings, introduced in Section 2.1 according to four possible criteria that could be used to evaluate the stringency of the program. The average emissions rate applied specifically to the group of sources identified in the policy design (technology grouping) is the most obvious stringency criterion if the performance standard is defined in terms of an emissions rate goal. We calculate the intertemporal model The second stringency criterion is the level of emissions, which is determined by the change in emissions throughout the electricity sector. An emissions target is credible because environmental improvement is the underlying motivation for the regulation. In a second comparison, we require the same reduction in emissions within each of the three program designs.
The third stringency criterion is marginal cost, which is especially relevant because costeffectiveness is achieved within a technology group by equating the marginal cost among regulated sources. It is also relevant because marginal cost of emissions abatement provides a measure that can be applied to align regulations within the electricity sector with other federal rules and regulations, which would help achieve cost-effectiveness across the economy. Under a tradable performance standard, the marginal cost would be revealed in a market price index of tradable performance standard credits. In a third comparison, we require the same marginal abatement cost within each of the three program designs. 15 A fourth stringency criterion is the cost incurred under each regulatory design. We measure total cost as the sum of changes in producer surplus (producer profits), changes in consumer surplus, and changes in government expenditures. 16 Average cost is the total cost divided by the emissions reductions. The overall cost and average cost may vary substantially, because different levels of emissions reductions are achieved. 17 We expect and find that the three technology groupings yield different outcomes measured according to the four stringency criteria. In providing guidance to the states about how their plans will be evaluated or in choosing among their own preferred regulatory designs, EPA may consider stringency according to a portfolio of criteria and require the states to address each criteria explicitly in their plans. The stringency criteria are likely to come into conflict. For example, an emissions rate standard applied only to coal plants versus a different standard 15 There are two important observations to make about the overall efficiency of a tradable performance standard. It is important to note that the price of an emissions rate credit is not equal to the marginal social cost of emissions reductions. Within a general equilibrium context, the marginal social cost of policy measures may vary from the price achieved within a market because of several factors, including the interaction with preexisting policies and taxes, preferred activities under the tax code, tax avoidance behavior, or leakage of emissions or economic activity to unregulated sectors or jurisdictions. These factors may increase or decrease social cost compared with the observed price, thereby affecting the overall efficiency of the regulations. However, if the credit price (marginal abatement cost) is equal across sources, then the partial equilibrium cost-effectiveness of the regulation is not sacrificed by ignoring these elements of social cost.
It is also useful to note that a tradable performance standard introduces a subsidy to electricity production, because credits are earned per unit of the MWh of electricity that is produced. The allocation of credits lowers the variable cost of generation for any given level of output, leading to greater overall output. Hence, to achieve the same level of emissions will yield a different marginal abatement cost than would result from other policy designs.
The alignment of marginal costs across federal rules and regulations would not be fully efficient or cost-effective, because policies under each are likely to introduce distortions away from first-best economic efficiency. However, approximate cost-effectiveness can be achieved by aligning observable marginal abatement cost, taking as given the difference between that measure and marginal social cost in each case. 16 Producer surplus is the sum of revenues minus costs, including annualized capital expenditures. Consumer surplus is a partial equilibrium measure that holds the demand function fixed at Baseline levels and uses price changes between the Baseline and policy scenarios. Government revenues include the renewable energy production and investment tax credits. 17 Consumers prices do not equal the real-time marginal costs in the electricity industry and in the model. Hence, although consumer demand responds to increased prices, the marginal price signal is inconsistent with the marginal cost of generation that reflects the credit price. As a consequence, total and average cost do not correspond to the same cost schedule as marginal cost. In principle, average cost could be greater than marginal cost, because they are determined by two different functions.
applied to a larger group of generators might lead to greater total cost but fewer emissions reductions. However, it also might lead to fewer differences between winners and losers among sources affected by the regulation, which might be another potentially relevant consideration, especially by states as they design their implementation plans.
Additional Policy Criteria
A flexible regulation promotes a cost-effective outcome by enabling regulated sources to identify where emissions rates improvements are going to occur. 18 However, the same flexibility introduces the possibility that emissions reductions are not additional to the baseline because the regulated source has the incentive to take credit for emissions reductions that would have happened even in the absence of the regulation, thereby eroding the environmental improvement that is intended by the regulation. For example, if a plant with a high emissions rate were planning to retire for other reasons, this would lower the average emissions rate over a group of plants, and any apparent emissions reductions would not be additional. If this retirement were given credit, it might allow a group of plants to achieve the benchmark emissions rate standard without any incremental environmental improvement resulting from the regulation. Adverse selection would also undermine an estimate of the change in emissions rates that could be attributed to the regulation. 19 In the omniscient setting of a computer model, this can be prevented, but in practice one would expect this to occur to the extent it is possible. To the degree this occurs, it also erodes the political support for flexible approaches to environmental regulation and leads back to calls for prescriptive approaches to achieve identifiable and specific environmental improvements, albeit at potentially much greater costs. Thus, another consideration in the policy design is to lessen the impact of adverse selection. 20 A marginal cost criterion may perform best in reducing adverse selection; if it were calibrated to an external measure, then it would not be affected by decisions to retire or invest that would have happened even in the absence of the program. In this vein, President Obama has 18 This is almost but not precisely equivalent to where emissions reductions will occur. The two can differ because of potential changes in the utilization of plants. Other aspects of program design could allow for greater flexibility by enabling the banking of emissions rate improvements. 19 The average emissions rate would be affected by retirement of existing facilities or investment in new facilities. 20 A related consideration is the crediting for actions already taken to reduce emissions by companies or states. If these entities face the same requirement for incremental emissions reductions as others who have taken no action, then they would perceive higher overall costs. Changing the baseline year against which actions would be measured is one way to give credit for early action, but it does not solve the adverse selection problem looking forward. A second strategy to mitigate the impact of adverse selection is for the regulator to forecast a future without greenhouse gas regulations, including projected retirements, new investments, and any other changes within the electricity sector. The tradable performance standard can then be benchmarked to the emissions rate that results from this forecast, so any activities that the regulator projected in the absence of the regulation will not erode the environmental effectiveness of the standard. This is the approach we take in this analysis, benchmarking the regulations to emissions rates in a forecast of the future as opposed to historical data. Modeling such as this is likely to be part of the implementation plan, but various parties will have strong incentives to influence the assumptions in the model and also to keep some information private so as to influence the modeling outcome. Hence, in practice, moral hazard also challenges the regulatory process, reinforcing the likely usefulness of a portfolio of stringency criteria.
The fundamental question is to whom should the benefits of flexibility accrue, specifically to the environment through more stringent regulation or to industry and consumers?
Previous regulation has included some examples of requiring increased stringency where parties elect to use optional compliance flexibilities. For example, Pacyniak (Forthcoming) cites as one example the 1990 rule for heavy-duty engines that articulates a rationale for requiring a 20 percent discount on traded or banked credits. 21 According to EPA's rationale in the rulemaking, the discount provided an additional environmental benefit to the program (by requiring increased stringency), while continuing to provide an incentive to industry through the increased efficiencies expected to be available through banking and trading. Similar rules are common in 21 Banking and Trading for Heavy Duty Engines Final Rule (55 FR 30584). The key passage appears on FR page 30592.
emissions reduction credit programs where geographic trades in nonattainment areas require greater than 1:1 emissions reductions per ton of emissions at a new source or where credits are banked over time.
Modeling Strategy
We use a highly parameterized electricity market simulation model to characterize the response of the electricity system to a variety of potential existing source performance standards for CO 2 under the Clean Air Act.
The Haiku Electricity Market Model
The simulation modeling uses the Haiku electricity market model, 22 Operation of the electricity system (generator dispatch) in the model is based on the minimization of short-run variable costs of generation, and a reserve margin is enforced based on 22 In terms of its sectoral and geographic coverage, Haiku is comparable to several other national electricity sector models, including the Integrated Planning Model (IPM, owned by ICF Consulting and utilized by EPA), ReEDS (maintained at the National Renewable Energy Laboratory), and the Electricity Market Module of the National Energy Modeling System (NEMS, maintained by the Energy Information Agency). The first three model the electricity sector and partially model factor markets, such as fuel, for the continental United States, and NEMS links its electricity sector model to the entire economy and models all fuel markets. For more information about the Haiku Electricity Market Model, see Paul et al. (2009) margins used by the Energy Information Administration in the Annual Energy Outlook (AEO) for 2011 (EIA 2011) . 23 Fuel prices are benchmarked to the AEO 2011 forecasts for both level and supply elasticity. Coal is differentiated along several dimensions, including fuel quality and content and location of supply, and both coal and natural gas prices are differentiated by point of delivery. The price of biomass fuel also varies by region, depending on the mix of biomass types available and delivery costs. Coal, natural gas, and biomass are modeled with price-responsive supply curves, so these fuel prices respond to endogenous changes in demand for these fuels.
Prices for nuclear fuel and oil, as well as the price of capital and labor, are held constant.
Investment in new generation capacity and the retirement of existing facilities are determined endogenously 24 for an intertemporally consistent (forward-looking) equilibrium, based on the capacity-related costs of providing service in the present and into the future (goingforward costs) and the discounted value of going-forward revenue streams. Existing coal-fired facilities also have the opportunity to make endogenous investments to improve their efficiency.
Discounting for new capacity investments is based on an assumed real cost of capital of 7.5 percent. Investment and operation include pollution control decisions to comply with regulatory constraints for sulfur dioxide (SO 2 ), nitrogen oxides (NO x ), mercury, hydrochloric acid (HCl), and particulate matter (PM), including equilibria in emissions allowance markets where relevant.
All currently available generation technologies as identified in AEO 2011 are represented in the model, as are integrated gasification combined cycle coal plants with carbon capture and storage and natural gas combined cycle plants with carbon capture and storage. 25 Ultra-supercritical pulverized coal plants and carbon capture and storage retrofits at existing facilities are not available in the model. The model does not capture the role of complex fuel contracts on a plant's retirement decisions. Although short-term contracts are common in coal markets, longterm contacts could play an important role in retirement decisions. If long-term contracts incentivize some plants to remain in operation, this modeling omission leads to an overestimate 23 For an overview of how closely AEO forecasts from 1994 to 2012 have matched realized outcomes, see (EIA 2013) . For example, the average absolute percent difference between AEO projections of average electricity prices (nominal $) between 1994 and 2012 and the realized values is 12.5 percent. 24 Investment (in both generation capacity and pollution controls) and retirement are determined according to cost minimization. This fails to account for the potential Averch-Johnson effect (Averch and Johnson 1962) , which tends to lead to overinvestment in capital relative to fuel and raise costs. 25 There have been changes in capital costs since 2011, especially for solar photovoltaic. However, this is expected to have little effect on the outcome because we see relatively little change in renewable capacity due to the expected continuation of renewable portfolio standards at the state level, which determine the quantity supplied in those states.
of coal-fired retirement projections and potentially of other new investment. Price formation is determined by cost-of-service regulation or by competition in different regions corresponding to current regulatory practice. Electricity markets are assumed to maintain their current regulatory status throughout the modeling horizon; that is, regions that have already moved to competitive pricing continue that practice, and those that have not made that move remain regulated. 26 The retail price of electricity does not vary by time of day in any region, though all customers in competitive regions face prices that vary from season to season.
The model requires that each region have sufficient capacity reserve to meet requirements drawn from the North American Electric Reliability Corporation. The reserve price reflects the scarcity value of capacity and is set just high enough to retain just enough capacity to cover the required reserve margin in each time block. In competitive regions, the reserve price is paid within a capacity market framework within each time block to all units that generate electricity and to those that provide additional capacity services. We do not model separate markets for spinning reserves and capacity reserves. Instead, the fraction of reserve services provided by steam generators is constrained to be no greater than 50 percent of the total reserve requirement in each time block.
Modeling Scenarios
We use this policy laboratory to analyze three major technology groups that could be included in a tradable performance standard program in the electricity sector: coal-fired units, all fossil-fired units, and all generators including nonemitting sources. 27 The analysis is built on a baseline scenario that forecasts a business-as-usual future in the electricity sector in the absence of greenhouse gas regulation. Each policy scenario introduces a tradable performance standard regulation within one of the three technology groups with varying levels of stringency that 26 There is currently little momentum in any part of the country for further electricity market regulatory restructuring. Some of the regions that have already implemented competitive markets are considering reregulating parts of the industry. 27 As described in Section 2, the actual coverage of the standards is more precise than these descriptions because two groups of generators are excluded from coverage in all modeling scenarios. First, new fossil-fired generators are expected to be subject to a separate new source performance standard. It is legally uncertain whether they would be covered by this policy, and we assume not. Second, most nonemitting sources, such as nuclear and renewables, are not dispatchable or generate at full capacity, so their inclusion in this policy would provide no environmental benefit. Despite these omissions, we still refer to the coverage by these more general descriptions for the sake of simplicity. enable a comparison of outcomes. Seven modeled outcomes allow comparison along two dimensions (three technology groups and three levels stringency), as illustrated in Table 1 .
Baseline Scenario
The Baseline includes all of the major environmental policies affecting the US power sector. This includes the SO 2 trading program under Title IV of the Clean Air Act, the Regional Greenhouse Gas Initiative (RGGI), the federal renewable energy production and investment tax credit programs, and all of the state renewable portfolio standards (RPS) and renewable tax credit programs. The California cap-and-trade program is not included. The Baseline also includes the Mercury and Air Toxics Standards (MATS), which have been finalized by EPA and fully take effect in 2016 in our model. Finally, the Baseline includes the Cross-State Air Pollution Rule (CSAPR) in place of the Clean Air Interstate Rule (CAIR). Although CSAPR has been struck down by the court, it represents a future regulation on SO 2 and NO x that EPA is required to issue in place of CAIR. 28 The Baseline is calibrated to the EIA's Annual Energy Outlook (AEO) for 2011. This forecast may lead to an overestimate of emissions compared to the most recent forecast because of the anticipated decline in coal generation and further expansion of natural gas in the baseline; however, the effect on the cost of incremental emissions reductions is ambiguous. 29 All of the characteristics of the Baseline are held constant in the policy scenarios except as discussed below.
Policy Scenarios
The first policy scenario is Coal, a tradable CO 2 emissions rate standard covering existing coalfired power plants. The policy requires existing coal plants to reduce their fleet-wide average emissions rate by 4 percent, relative to Baseline, beginning in 2020 and continuing through the end of the modeling horizon. That number is chosen because it is within the range of technical possibility identified by Sargent & Lundy (2009) . In the model, this is achieved by allocating emissions credits to generators at a benchmark rate equal to the target emissions rate, guaranteeing the average emissions rate is equal to this benchmark; the emissions rate 28 Our previous modeling has shown only small changes to the electricity sector if CAIR is replaced with CSAPR when MATS is also in effect . Thus the choice of SO 2 and NO x regulations is of little significance in this analysis. 29 Coal's share of electricity generation is projected to be 40 percent in 2020 in AEO 2013 compared to 46 percent in AEO 2011. Conversely, the share of electricity generated by natural gas in 2020 is projected to be 24 percent in AEO 2013 compared to 18 percent in AEO 2011. As a result, baseline power sector CO 2 emissions in 2020 are 6.5 percent lower in AEO 2013 compared to AEO 2011 benchmark is uniform for all generators. Although the stringency of this policy is determined by the 4 percent emissions rate reduction among coal generators, the market equilibrium results in a level of emissions within the electricity sector and a marginal cost (equal to the credit price) for emissions reductions, both of which are also measures of stringency. We use all three of these metrics-emissions rate reduction, total emissions, and marginal cost-to specify the remaining six policy scenarios. 
Results
The results of these modeling scenarios in year 2020 are displayed in Notes: The shaded cells define the model run represented in each column. *This is the shadow value of the regulatory constraint at a given level of output that includes the effect of the incentive to expand production under the tradable performance standard. **Total social cost includes changes in all factors presented in Table 3 . ***Numbers may not equate due to rounding.
Coal Results
The Coal scenario achieves an average emissions rate reduction of 4 percent among existing coal-fired power plants in 2020, down from 2,093 lbs/MWh in Baseline to 2,010 lbs/MWh. This change results in a reduction of 93 million tons of CO 2 emissions across the entire electricity sector. 30 This reduction is achieved through two primary means. First, the coal fleet invests an additional $2.3 billion in increased heat rate efficiency at coal generators, which reduces emissions rates at all plants where these investments occur. Second, utilization is reduced at higher-emitting coal plants in favor of increased utilization at lower-emitting coal plants and natural gas-fired generators; natural gas-fired generators are not covered by the regulation in this scenario, but they increase utilization in response to changing market conditions including increased electricity prices in some regions.
The coal generators undertake these efficiency investments and utilization changes facing a marginal abatement cost (credit price) of $33.2 per ton of CO 2 . Of the 93 million tons of emissions reductions, about 79 percent are achieved by these improvements (assuming baseline levels of utilization at these facilities), and the rest are achieved by fuel switching. Because there is a very small change in electricity price we find little contribution to emissions reduction from reduced electricity consumption. These changes impose a total social cost of $1.4 billion in 2020
and an average social cost of emissions reductions of $15.2 per ton of CO 2 .
Fossil Results
When the technology grouping is expanded to include all existing fossil-fired generators, a regulation achieving a 4 percent reduction in emissions rate, Fossil-ER, achieves only 58 million tons of total emissions reductions in 2020, somewhat less than under the Coal scenario. This is because the Coal scenario sufficiently reduces emissions to achieve an emissions rate reduction among all existing fossil plants that is greater than 4 percent, and thus Coal is a more stringent policy by this metric. However, regulating all existing fossil-fired generators (Fossil-ER) achieves emissions reductions at a lower cost, as shown by the marginal abatement cost of only $6.5 per ton. This is because it provides a direct incentive to increase utilization at natural gas plants, and thus more fuel switching to natural gas occurs. In contrast, under the Coal scenario, relatively more investment in efficiency improvements at coal plants occurs, and relatively less fuel switching. In Fossil-ER, the coal fleet invests only $0.4 billion in increased heat rate efficiency, and the average emissions rate reduction among existing coal units is 1.1 percent. About 35 percent of the emissions reductions are achieved by these improvements, and the rest are achieved by fuel switching. The total social cost of this scenario is $0.5 billion in 2020, resulting in an average social cost of $8.5 per ton of CO 2 reduced.
30 Total electricity sector CO 2 emissions in Baseline in 2020 are 2,354 million tons.
The Fossil-Em scenario captures emissions reductions that are equivalent to those under
Coal, 93 million tons in 2020. To do so, the average emissions rate among existing fossil plants is reduced by 6.1 percent; the reduction among existing coal units is only 1.7 percent. These reductions are achieved through the same means as Fossil-ER, fuel switching from coal to natural gas and efficiency improvements at coal generators. Both sources of reductions are utilized to a greater extent but in similar proportions, so heat rate improvements across the coal fleet are again responsible for about 35 percent of emissions reductions, with the rest achieved by fuel switching to natural gas. Because the Fossil-Em policy scenario achieves greater reductions than Fossil-ER, it also incurs a greater cost, but it is able to achieve the same reductions as Coal at a lower cost. The marginal abatement cost is $10.2 per ton of CO 2 ; total social cost in 2020 is $1.0 billion, yielding an average social cost of $11.0 per ton of CO 2 reduced. Thus, Fossil-Em is more stringent than Fossil-ER across all metrics; it is more stringent than Coal according to environmental criteria but is less stringent in economic terms.
The Fossil-MC scenario has a marginal abatement cost of reductions equivalent to that in Coal, $33.2 per ton of CO 2 in 2020. This regulation yields an average emissions rate reduction of 17.7 percent among existing fossil generators; the reduction only among coal units is 4.5 percent.
The scenario yields total emissions reductions of 340 million tons. Under this scenario, only 25 percent of the reductions are due to efficiency investments at coal plants, with the remaining portion due to fuel switching from coal to natural gas. Because this policy yields much larger emissions reductions than Coal or the other Fossil scenarios, it also incurs a larger cost-a total social cost of $7.5 billion in 2020 and an average social cost of $22.2 per ton of CO 2 reducedmaking this regulation more stringent than Coal or the other Fossil scenarios.
All Generation Results
The final three policy scenarios expand the technology group to include existing fossil- percent. By expanding the covered technologies to include new nonemitting generators, one might expect to achieve additional emissions reductions through fuel switching to these sources. However, in the Baseline and all policy scenarios, state RPS policies dictate the minimum amount of generation from renewable generators, which constitute a large portion of nonemitting units. As a result, the additional incentive provided under AllGen-ER yields only a small increase in generation from nonemitting units, but it does lower the cost of meeting state RPS policies, which is a benefit to consumers in these states. The small expansion in generation from renewables also leads to a small expansion in the use of the renewable production tax credit, which imposes a small additional cost on government. The costs of this policy are consequently similar to Fossil-ER in 2020, with a marginal abatement cost of $6.8 per ton of CO 2 (effectively the same as for Fossil-ER, given the convergence criteria in the model), a total social cost of $0.7 billion, and an average social cost of $10.3 per ton of CO 2 reduced. AllGen-ER is less stringent than Coal among these economic metrics but is comparable in stringency to Fossil-ER.
The AllGen-Em scenario achieves emissions reductions of 92 million tons in 2020, comparable to Coal and Fossil-Em. This results in a 7.3 percent reduction in the average emissions rate among the covered technology group; the reduction only among coal units is 1.5 percent. This policy yields a small increase in the amount of fuel switching to nonemitting sources, but this amount is still much less than the fuel switching to natural gas, and only 30 percent of the emissions reductions are due to efficiency investments at coal plants. AllGen-MC are due to additional renewables in states that do not have an RPS in place, and a small increase in nuclear capacity. This scenario yields emissions reductions of 379 million tons, the most of any scenario modeled. Of these reductions, only 22 percent are due to efficiency investments at coal plants; the remaining reductions are realized through fuel switching to natural gas and nonemitting generators. The average emissions rate for this group declines by 17.7 percent; the reduction only among coal units is 4.6 percent. The cost to achieve such large emissions reductions is high, amounting to a total social cost of $9.7 billion in 2020, which yields an average social cost (including the cost of federal subsidies to renewable generation) of $25.6 per ton of CO 2 reduced. Across all measures, AllGen-MC is the most stringent policy scenario modeled.
Comparison across Policy Scenarios
Looking across the policies in Table 2 , we observe that increasing flexibility reduces costs. 31 However, determining the relative stringency of the approaches is ambiguous. For example, reaching beyond only coal to include all fossil generation reduces the cost of achieving a specific emissions rate reduction by two-thirds but yields fewer emissions reductions.
A question of general interest is the change in generation at coal-fired facilities, which is reported in the appendix table. In principle, energy efficiency improvements at existing facilities could lead to greater utilization. We find that generation from coal in 2020 falls in every scenario. It falls by 1.6 percent in the Coal scenario and by 4 to 6 percent in the ER (emissions rate) and EM (emissions) scenarios. In the MC (marginal cost) scenarios, we see a much greater reduction in coal generation, about 25 percent. 31 The exception is under AllGen-MC, where the crediting of additional renewable generation leads to an increase in the cost of federal subsidies for renewable power. The compliance requirement has a small effect on capacity, as a very small amount chooses to retire as a consequence of the regulation. However, units that make investments in energy efficiency benefit from lower variable costs that could improve their competitive position in the long term and delay retirement. Therefore, it is possible especially in the future that total generation from coal and total emissions could increase as a result of the regulation. Table 3 reports changes in cumulative emissions from all sources and cumulative generation from coal, from 2020, the year the policy is implemented, through 2035, which is the model horizon, and extrapolated to 2050. We find some erosion of the emissions reduction when measured in percentage terms in almost every case. For example, the three shaded cases calibrated to have the same emissions reduction in 2020 of about 4 percent below baseline achieve a reduction of about one-half percentage point less in cumulative emissions through 2035, and a bit less through 2050. In general, the emissions reductions remain substantial in every case. 32
Cost and Benefits Results
We estimate total social cost as the sum of three components: consumer surplus, producer surplus, and government revenue. Changes in prices lead to behavioral responses such as investments in energy efficiency by consumers, which are represented in the model as a shift in the demand curve. The change in consumer surplus is measured relative to the demand curve in the baseline. The change in producer surplus is the change in net revenues, accounting for variable costs and annualized capital costs and including investments in energy efficiency at coal plants. In the baseline, we find $600 million of efficiency investments at coal plants in 2020.
Under the Coal scenario, to achieve a 4 percent improvement in emissions rate, we find investments of $2.9 billion, which is the greatest across scenarios. Results are presented in the appendix table. Finally, the change in government surplus reported in Table 4 results from changes in the federal production tax credit. To evaluate the benefits of reductions in SO 2 , we rely on average benefit per ton estimates used in EPA(2011) for eastern and western parts of the country. 34 We do not include estimates associated with reductions in other pollutants, but the lion's share of benefits from reduction of conventional pollutants is expected to come from reduction in SO 2 . Although SO 2 is regulated by quantity constraints under CAIR, the MATS rule causes emissions to be below those constraints and emissions are further reduced by the greenhouse gas policies we study. Table 4 reports the net benefits (benefits minus costs) associated with each scenario. Because marginal benefits exceed marginal costs in every case, net benefits grow with the overall level of emissions reductions. Marginal benefits are assumed to be constant, but marginal costs grow over time, so the marginal and average net benefits (not reported) fall slightly over this range.
Especially visible measures of costs from a political perspective include the change in retail electricity price, which contributes to the calculation of net benefits. Burtraw et al. (2011) found that the introduction of flexibility through a tradable performance standard reduced the change in price by 60 percent compared with an inflexible performance standard. The appendix table reports that when looking across the scenarios in this paper, we find very little change for the Coal and ER (emissions rate) scenarios. The Em (emissions) scenarios yield an increase of one-half of 1 percent. For the Fossil-MC scenario, we see the greatest change, 2.3 percent, and for the AllGen-MC scenario, we see a change of 1.3 percent. These two are also the scenarios with the greatest emissions changes and the greatest net benefits. 33 Note that neither the cost nor benefit estimate is a perfect measure of marginal social cost. 34 In the eastern United States, the value is $30,000 per short ton of SO 2 , and in the West, it is $8,600 (2009$). Finally, political attention is likely to be paid to the distribution of costs and benefits across regions of the country. In brief, the Plains states and Texas carry a significant portion of the cost across all policies, the Big 10 states including the upper Midwest and Appalachia do worse when the technology grouping is expanded from coal to fossil or all generators while the opposite is true of the West, and the remaining regions always incur a cost less than the national average. Figure 1 The Plains and Texas bear such a large portion of the cost in all cases because the coal generators in these states are relatively inefficient. Additionally there is little natural gas capacity in the Plains and the gas generators in Texas are roughly average in terms of efficiency. These states must purchase credits from other parts of the country, thus incurring an additional cost to operate. The Big 10 states have a relatively efficient coal fleet, but little natural gas capacity so the entire fossil fleet is relatively inefficient, so this region is able to sell credits when the technology group includes only coal but must purchase credits when the group expands to include fossil or all generators. The opposite is true in the West, however, where the coal fleet is relatively inefficient but the entire fossil fleet is relatively efficient, so credits flow in the opposite direction as the Big 10 states. The remaining regions -the Northeast and Southeastare relative efficient across both the coal fleet and the entire fossil fleet, so these states incur a cost less than the national average, or even experience an improvement in social welfare, across all policy scenarios.
Policy Design
We use three approaches to compare the stringency of flexible policies applied in different settings-emissions, emissions rates, and marginal abatement cost-and each of these has a direct analogue in other policy designs. That is, from analytical and modeling perspectives, the tradable performance standard can be used to approximate other policy instruments. A regulatory focus on environmental outcomes points to emissions, and the policy design could be similar to cap and trade, which is analytically equivalent to the tradable performance standard that we model if allocation is based on output. An emissions rate standard places the focus on technology performance and could be used to achieve an outcome analogous to a renewable portfolio standard or clean energy standard (Paul et al. 2013) . If the policy aligns marginal costs at various facilities the program would appear similar to a carbon tax except that revenues would not be collected but instead returned to generators proportional to generation.
It is noteworthy that each of these approaches has been given credibility by the executive branch as it has searched for a policy framework to address climate change. President Obama State of the Union, the president made a statement that could justify the use of marginal abatement cost as a metric to evaluate policy. The president said he would look across executive agencies for actions that can be taken to mitigate climate change. In order for that to happen in a cost-effective way, the actions should be calibrated to the same marginal abatement cost. The recent updating of the social cost of carbon estimate provides that opportunity and could be extended to cover activities taken by the states in their implementation plans.
With the Clean Air Act now the vehicle for climate policy, and states with responsibility for the development of implementation plans, one might expect a variety of approaches to be proposed. The focus of this paper is to describe how EPA might evaluate and these different approaches. The challenge is that flexibility can lead to different outcomes with respect to various measures. It can enable compliance entities to take credit for reductions that would have occurred even in the absence of regulations. This leads to our proposal that flexible measures proposed within an implementation plan process be evaluated according to a portfolio of criteria.
Specifically, a state plan should demonstrate to EPA how it will perform with respect to changes in emissions, emissions rates, marginal abatement costs, and total costs.
EPA is expected to develop guidelines for the preparation of state implementation plans, and these are likely to include a model rule. However, as crafted by EPA, the model rule is likely to introduce regional disparities, and if it exercises maximal flexibility, it is likely to encounter legal risk. This leads us to offer two proposals for the design of EPA guidance.
First, EPA's model rule should be severable in its parts. If one aspect is found illegal under court challenge, the rest of the rule should remain enforceable and the requirements recalibrate automatically. For this to happen the technical justification for the rule should be built up from a core requirement on plants in each category of sources identified under the rule before introducing flexible approaches that allow averaging across source categories or states or give credit for emissions reductions stemming from policies affecting unregulated generation sources.
Also for this to happen, EPA and the states have to have an automatic way to realign the evaluation of state implementation plans. This invites a second, proposal that EPA evaluate plans according to multiple attributes. The ambiguity of any single criterion under the requirements of Section 111 of the Clean Air Act, and especially after introducing flexible regulatory approaches, supports a multi-attribute process. The use of a portfolio of criteria as we suggest allows for a meaningful evaluation, even as the scope of covered entities is expanded or contracted in the regulatory process. It also will enable states to pursue innovative approaches that take advantage of local characteristics and respond to local interests but also are accountable to the federal standard. However, EPA would have to be explicit in providing guidance to states about how multiple attributes will be balanced.
As to the ambition of the regulation, the social net benefits are growing in our model as long as marginal costs are less than marginal benefits. The social cost of carbon provides a working estimate of marginal benefits from mitigating carbon emissions, but these benefits over the range of policies we examine are actually less than those from the ancillary reduction in SO 2 .
The most stringent policy we describe is calibrated to a marginal abatement cost that is roughly 
Conclusion
The Clean Air Act is a powerful institution in American society. It also is a popular one, and voters are favorable toward a regulatory approach to addressing climate policy under the Clean Air Act. 35 However, the cost of regulations can vary significantly depending on how they are designed and, in particular, whether they provide for flexibility in their implementation. In this context, President Obama has directed EPA to implement flexible approaches in achieving greenhouse gas reductions.
The regulation of greenhouse gases under the Clean Air Act places states in a leadership role in the development of implementation plans to be approved by EPA. One possibility is that EPA develops a flexible mechanism to achieve emissions reductions but gives states little flexibility in implementing the policy. Because of limits to the likely creativity of EPA, difficulty of addressing idiosyncratic regional concerns and opportunities, and the varied initiatives to reduce emissions that are already under way at the state level, EPA might be expected to give states great deference in the design of their policies. The problem this introduces for EPA, however, is how to evaluate the relative efficacy of state implementation plans otherwise varying in method, scope, and ambition.
Using a detailed electricity sector model, we have demonstrated the potential effects of a tradable performance standard. We explored three degrees of flexibility: regulation applied only to coal facilities, regulation applied to all fossil facilities, and regulation that applies to all generation. We nominated several metrics by which stringency of these approaches could be evaluated-emissions, emissions rates, marginal abatement costs, and total costs-and we showed that these measures do not move in unison when expanding the flexibility of the program. For example, expanding flexibility beyond only coal units to include all fossil units in order to achieve the same change in the average emissions rate would reduce the change in emissions. In general, measuring the stringency of different plans that vary in their flexibility is ambiguous. The problem is exacerbated by the potential that greater flexibility could enable regulated entities to take credit for actions that would have happened even in the absence of regulation.
The implementation plan process for conventional air pollutants can be evaluated by a single metric-the National Ambient Air Quality Standards. However, Section 111(d) calls for a multiattribute evaluation of implementation plans, taking environment, technology, and cost into consideration. Hence, EPA needs to evaluate a portfolio of stringency criteria to evaluate plans that introduce flexible approaches in different ways. We propose that the entire set of metrics that we have evaluated should be addressed in implementation plans and evaluated by EPA.
We also propose that EPA design an evaluation procedure under which features of the implementation plan can be evaluated independently if necessary and are severable from other aspects of the plan. This approach also may have the advantage that changes in the regulation that might be precipitated by court decisions might be implemented without reinitiating the development of regulations. If a plan is adopted based on a portfolio of criteria, and if a change in the regulation causes a change in one metric, that change could be evaluated in a larger context without necessarily triggering the need for new technical findings on which to base the revised regulations.
All of the policy scenarios that we evaluated yield positive net benefits. While the climate-related benefits are substantial, the larger share comes from the reduction in ancillary pollutants, including SO 2 . The most ambitious policy yields emissions reductions that move the United States most of the way to achieving the Copenhagen pledge of reductions of 17 percent below 2005 levels by 2020.
